Urban areas are beginning to be recognized as having potential for biodiversity conservation because of the relatively high richness of some taxa. However, little is known about what functional groups of organisms constitute this richness. We investigated biodiversity patterns in an abandoned quarry using the Rapid Biodiversity Assessment method based on insect groups according to their trophic guilds. We assessed the value of semi-natural and ruderal habitats. The ruderal sites were characterized by a higher diversity and abundance of phytophagous beetles and, unexpectedly, of parasitoids and predatory beetles, whereas the reverse was true for Hemiptera and Aculeata. Patterns of α-diversity were impacted by different factors than β-diversity: these primarily acted in opposite directions, depending on the habitat type. Species richness was positively related to the woody surroundings of habitat patches on semi-natural sites, but negatively related on ruderal sites. The Dominance index was negatively affected by human impact. Insect assemblages were diversified by taller vegetation, higher nutrient content, lesser human impact and a lower level of insolation in the grasslands with ruderal vegetation than in the semi-natural grasslands. A particular habitat type may constitute a source for some insect groups but a sink for others. Ruderal habitats utilized as a substitute for loss of the semi-natural vegetation are essential for the preservation of insect functional diversity and are suitable for vulnerable groups such as Parasitica. Post-industrial areas with a habitat mosaic of semi-natural and ruderal sites may enrich biodiversity in the urban landscape.
Introduction
Pressure on the natural environment is increasing globally . Urbanization is expanding, particularly in some developing countries, where high-biodiversity sources are endangered (Ricketts and Imhoff 2003; Lee 2007) .
Populations of animals have become more prone to extinction (Hanski 1999) . Many studies have revealed biodiversity losses caused by the expansion of urban space, changes in land use or invasions of alien species (Roy et al. 2003; Antrop and Van Eetvelde 2000; Nakamura et al. 2007; Aviron et al. 2009; Chace and Walsh 2006; Manning et al. 2016) . Habitat fragmentation, the development of road networks leading to greater volumes of traffic is reducing suitable habitat area and increasing habitat patch isolation, road kill and core habitat deterioration (Fahrig 2003; Skórka et al. 2013) . Invasive species such as goldenrods in Europe are displacing natural vegetation in invaded habitats (Moroń et al. 2009 ). Habitat suitability for wildlife is also decreasing as a result of agricultural intensification, landscape homogenization, the abandonment of traditional extensive grassland management and building development, e.g. on xerothermic grasslands Concepción et al. 2008) . All these environmental changes are reducing ecosystem complexity, especially in urban areas.
Simultaneously, natural and semi-natural habitats have disappeared from many regions of Europe (WallisDeVries et al. 2002) . In fragmented landscapes, species assemblages of insects and birds often occur in a nested structure: some habitats with lower species richness are subsets of others, including a greater variety of species (Fischer and Lindenmayer 2005; Schouten et al. 2007; Driscoll 2008 ). In a highly fragmented landscape with artificial greenery, the species assemblages of birds and butterflies tend to be more homogeneous within a given set of environmental conditions, and the fauna is usually poorer (Yan Chong et al. 2014) . Finally, understanding how human-altered habitats may be valuable for biodiversity conservation has become a key problem of conservation biology and wildlife ecology.
Dispersion and immigration are essential processes for driving high species richness in urban ecosystems (Natuhara et al. 1999; Obrist and Duelli 2010; Lizée et al. 2012) . Low habitat patch connectivity in urban areas hampers metapopulation dynamics, making dispersion risky and ineffective, especially for less mobile organisms such as plants or ground arthropods (Gilbert 1989; Denys and Schmidt 1998; Gonthier et al. 2014) . Natural and semi-natural vegetation related to habitat heterogeneity are eminently suitable for maintaining ecosystem complexity and high biodiversity in small, scattered habitat patches in urban areas (Sattler et al. 2010) . Some studies report that arthropod assemblages in a fragmented urban landscape tend to have a greater share of small species, capable of flight, than suburban areas, which are characterized rather by a high abundance of large, non-flying specialist species (Niemelä et al. 2002; Niemelä and Kotze 2009) . In an urban landscape, the diversity of carabid beetles and parasitoids decreases, while the diversity of phytophagous beetles increases in comparison with rural areas (Denys and Schmidt 1998; Sattler et al. 2010 ). According to another study, however, urban dry meadows support a high carabid diversity and are an important habitat for xerophilic, granivorous and autumn-breeding species of carabid beetles (Venn et al. 2013) . Therefore, the monitoring of insect assemblages while focusing on their trophic guilds may help to support conservation actions and provide deeper insight into the conditions of urban ecosystems (Angold et al. 2006; Helden et al. 2012) .
Insects are key indicators of environmental changes, as they play an important role in nutrient cycling, decomposition, soil aeration and pollination; hence, they can be used for investigating the value of urban areas for biodiversity conservation (Maes and Van Dyck 2005; Thompson and McLachlan 2007; Clarke et al. 2008; Hunter and Hunter 2008; Vonshak et al. 2009 ). Insects are intensively affected by landscape structure (McIntyre 2000; Matteson et al. 2013) ; their abundance and diversity depend on the chemical, physical and ecological properties of the environment (Witmer et al. 2003) . As particular trophic groups of insects have different functions in nature (e.g. predators, parasitoids, phytophages, pollinators), patterns of insect diversity provide useful information for understanding ecosystem functioning and local environmental changes, especially in urban areas, which used to be regarded as unattractive for both mainstream ecological research and biodiversity conservation (cf. Helden and Leather 2004; Snep et al. 2006; Luck and Smallbone 2010) . However, urban areas may sustain species-rich ecosystems (Luck and Smallbone 2010) . These include post-industrial sites, generally referred to as brownfield sites, such as abandoned quarries.
Quarrying gives rise to important environmental changes because it destroys vegetation and soil, thereby modifying the entire landscape. While the extraction of minerals has a serious negative impact on biodiversity, an abandoned quarry can subsequently enhance biodiversity by functioning as a refuge for many plant and animal assemblages, even rare and endangered species. The conservation potential of quarry areas has been reported for both arthropods and plants (see Tropek et al. 2010; Bétard 2013 with references) . In our study, we investigated the abandoned Zakrzówek Quarry, established in an outcrop of Jurassic limestone. The quarry is covered and surrounded by pine and deciduous forest and a mosaic of seminatural grassland, degraded wet meadows and grassland with ruderal vegetation. We classified the latter two habitats as ruderal vegetation. Thus, we examined open habitats, i.e. patches of semi-natural grassland, and patches of ruderal grassland that come into being spontaneously after disturbance.
Our study aimed to identify the key features of quarry areas that support insect functional diversity and to test the suitability of a simplified method of biodiversity assessment based on morphospecies and insect functional groups, according to their trophic guilds. We hypothesized that 1) in postindustrial areas such as an abandoned quarry, a mosaic of semi-natural and ruderal habitats supports the conservation of insect diversity better than a single group of habitats does; i.e. ruderal habitats also have an important conservation value; 2) the insect diversity responds in different ways to environmental characteristics with regard to diversity level (α-and β-diversity) and habitat types; 3) semi-natural habitats are characterized by a high diversity of pollinator and parasitoid species owing to the great variety of ecological niches, the wide range of plant species and warmer conditions; in contrast, the insect assemblages of ruderal habitats contain a larger percentage of phytophagous species because primary productivity in these habitats may be higher (cf. Venn et al. 2013 ).
Methods

Study area
The study was carried out in 2008 within a grassland complex situated in the abandoned calcareous Zakrzówek Quarry near the Wawel Royal Castle in Kraków, southern Poland. The quarry, isolated and surrounded by urban infrastructure, had been excavated in an outcrop of Jurassic limestone (Oxfordian). The quarry floor was flooded. The quarry itself and its immediate surroundings were covered by grassland, as well as pine and deciduous forests (Fig. 1) . The grasslands in the quarry formed a habitat mosaic of xerothermic calcareous grassland, wet and lowland hay meadows, degraded meadows with reeds, and grassland with ruderal vegetation. The xerothermic grasslands consisted of vegetation of the FestucoBrometea class. The hay meadows were covered with vegetation from the orders Arrhenatheretalia and occasionally Molinietalia, and the grasslands with ruderal vegetation were represented by the community of tansy and mugworts (Artemisio-Tanacetum vulgaris) and other ruderal communities (Dubiel 2005) . We selected 19 sites: 5 xerothermic grasslands, 2 thermophilous false oat-grass meadows (Arrhenatheretum elatioris), 5 false oat-grass meadows, 5 meadows with ruderal vegetation, and 2 wet meadows with reeds ( Fig. 1 ). All these grasslands were relatively small -less than 1 ha in area. Finally, we distinguished two main types of environment: semi-natural meadows (the hay meadows, thermophilous meadows and xerothermic grasslands) and ruderal degraded sites (the ruderal plant communities and the wet meadows with reeds). We took all the ruderal sites situated within the quarry area into consideration.
Field study
Each site was visited three times: on 27 and 28 May, and on 3 June. The study was conducted between 11:00 and 16:00 h in sunny and windless weather with temperatures of 20-23°C. At all sites three independent observers, each person at different times, moved through the grassland and sampled the insects with 75 strokes of a sweep net through the vegetation (a total of 225 strokes per visit). The observer started at random and made 25 St in one direction, then continued sampling in another direction making another 25 strokes. His path formed a broken line with obtuse turning angles.
The sampled material was sorted. The individual insects, separately for each site, were divided into morphospecies using the Rapid Biodiversity Assessment method. Diptera and juvenile forms were excluded from the investigation as they generate a systematic bias of the estimated biodiversity (see Oliver and Beattie 1995; Duelli et al. 1999) . All morphospecies were identified as belonging to one ecological functional group of insects: Aculeata, Formicidae, Hemiptera, Lepidoptera, Orthoptera, Parasitica (Hymenoptera), Symphyta, herbivorous beetles, predatory beetles, omnivorous beetles, and other insects. The ecological functions of some insect orders, e.g. Coleoptera and Hymenoptera, differ within a taxonomic group, so these groups were investigated in more detail. On the other hand, the great majority of Lepidoptera and Symphyta, for example, are phytophagous, so it was sufficient to treat them at the order level.
The following α-diversity indices were calculated: the total number of morphospecies at each site and the total number of individuals at each site, i.e. the total numbers of individuals and morphospecies collected during all three visits. The following simplified measures of β-diversity were adopted: a presence-absence matrix of particular insect functional groups per site, the number of morphospecies belonging to particular insect functional groups per site (e.g. site 1-10 morphospecies belonging to Aculeata, 5 morphospecies belonging to Formicidae) and the number of individuals belonging to particular insect functional groups listed for each site.
We recorded a number of environmental variables using a simple scale in all the grasslands: vegetation height (1-4); general intensity of human impact (including mowing and trampling) (0-2); insolation (0-2); shelter from wind, expressed as the percentage of patch perimeter protected by forest or shrubs (0 -< 30% of the surroundings is woodland, 1 -> 30-60%, 2 -> 60%); calcareous substrate (0 -clayey soil or limestone debris not visible on the ground, 1 -limestone or limestone debris visible on the ground); nitrogen content as reflected by the relative proportions of Urtica dioica L. and other plants associated with high soil nitrogen levels (0-1); trampling (0 -no trampling, 1 -visible signs of constant trampling, e.g. paths, flattened vegetation, a high proportion of Lolium perenne L. in some places); mowing (0 -grassland not mown for several years, 1 -grassland mown once a year or mown in the year of our study).
Data handling and statistical analysis
We used principal components analysis PCA (Lepš and Šmilauer 2003) to summarize the eight aforementioned indices of grassland quality and to avoid collinearity problems in the analyses of biodiversity patterns, e.g. in the general linear model GLM analyses. PCA was performed by constructing a correlation matrix of the data. The relevance of the first PC1, second PC2 and third PC3 ordination axes was determined by PCA, i.e. the variance of the data was described significantly by the axes. Only those axes were considered in the subsequent analyses. The PCA scores of variables for each axis are shown in Table 1 .
To obtain additional information regarding the α-diversity pattern, we calculated three further diversity measures: the Margalef richness index -a general measure of species richness; the Dominance D index -a measure of the dominance of some species in a species assemblage (range 0-1); the Evenness index -a measure of species assemblage evenness, i.e. the relatively equal representation of all species in the species assemblage (range 0-1) (for more details, see Harper 1999).
The first analysis using GLM modelling for the abovementioned variables, i.e. the total number of morphospecies with a Poisson distribution, the total number of individuals with a negative binomial distribution and the last three diversity indices with a Gaussian distribution of the dependent variable, aimed to identify factors affecting α-diversity at the sites investigated. Separately for the five response variables (see above), we built global models that contained the following predictors: habitat type (semi-natural and ruderal), PC1, PC2, PC3 and their interaction terms with habitat type. Using Akaike information criteria with a correction for small sample sizes (AIC c ), we ranked models that were linear combinations of the predictor variables (Burnham and Anderson 2002) . We ranked all the models built according to their ΔAIC c values, where ΔAIC c is the difference between a given model and the one with the lowest AIC c . We defined as supported all the models with Akaike weight > 0.01, where the Akaike weight reflects the probability that a given model is the best one (Hurvich and Tsai 1989; Burnham and Anderson 2002) . Next, we applied a model-averaging procedure using the parameter estimate and Akaike weight of each model. We also assessed the relative importance of each independent variable by calculating the cumulative Akaike weights of models containing a particular predictor (Burnham and Anderson 2002) . The final models contained only significant interaction terms. Additionally, we checked for spatial autocorrelation in all species richness indices with Moran's I at two distance classes using SAM software (Rangel et al. 2010) .
The second analysis set out to assess whether there was a functional group turnover and a nested subset pattern of β-diversity. To test the first pattern of β-diversity, we performed a nonmetric multidimensional scaling NMS in four dimensions (Kindt and Coe 2005) for the presence-absence of insect functional groups, the number of morphospecies in a particular functional group and the number of individuals belonging to each particular functional group. Next, to evaluate the impact of habitat types on the variables tested, we applied PERMANOVAs based on Raup-Crick distances for presence-absence and on Bray-Curtis distances for the other two dependent variables (Anderson 2001; Quinn and Keough 2002) . We carried out SIMPER analysis (Hammer et al. 2001) to describe in detail the average dissimilarity of insect functional group assemblages for semi-natural habitats and ruderal habitats. In the last step, we performed distance-based Redundancy Analyses db-RDA (Kindt and Coe 2005) using NMS data to test the influence of environmental variables (PC1-PC3) on functional group turnover. Moreover, to test whether the differences in dissimilarity were spatially autocorrelated, i.e. To check whether functional groups of insects recorded in particular grasslands represent nested subsets of the same pool of insects, the presence-absence matrices of functional group occurrence were analysed using the nestedness calculator of Atmar and Patterson (1995) . This software compares the unexpected presence/absence of a functional insect group at particular sites with the null model of maximum disorder of functional group occurrence at all the sites investigated (Atmar and Patterson 1993) . It is likely that the observed patterns are not true presence-absence ones, but they may reflect the poor representation of some insect groups.
The GLM modelling and Mantel test were performed in R 3.4.3 software and MuMIn, MASS and vegan packages (R Core Team 2017). The PCA, NMS and db-RDA ordinations were carried out with Canoco for Windows 4.5 (Lepš and Šmilauer 2003) . The PERMANOVA, SIMPER analyses and α-diversity indices were calculated in PAST 3.01 (Hammer et al. 2001) .
Results
We collected a total of 4012 insects. We recorded the highest number of individual insects (479) on xerothermic grassland 5, and the lowest number (87) at ruderal site 3 and hay meadow 3. The number of morphospecies ranged from 41 at ruderal site 5 to 77 at ruderal site 4.
Factors affecting α-diversity
The interpretation of the model selection and parameter averaging procedures is based on the PCA axis. The results of the analysis indicated that the number of morphospecies was governed by the PC2 -habitat type interaction term ( Table 2 ). The number of morphospecies at the sites with ruderal vegetation was negatively related to the degree of shelter of the grasslands from the wind, while species richness was higher at the sites with semi-natural vegetation that were surrounded by forest or shrubs (Tables 1 and 2 ). On the other hand, we found no factor affecting the total number of individuals ( Table 2) .
The Dominance D index was negatively affected by PC3, which indicated increasing human influence and the absence of a calcareous substrate (Tables 1 and 3) , i.e. the Dominance D index was higher at sites on a calcareous substrate (Table 1) . The Evenness index was positively impacted by PC3 (Table 3) : species evenness was therefore greater at the sites affected by human impact and at the sites situated on a noncalcareous substrate (Table 1 ). The Margalef richness index was influenced by the PC2 -habitat type interaction term (Table 3) : at sites with ruderal vegetation, this index was negatively related to the degree of shelter from the wind, but took a higher value on sites with semi-natural vegetation that were surrounded by forest or shrubs (Table 1) .
We found the following indices to be spatially independent: the number of morphospecies (1 class P = 0.579, 2 class P = 0.890), the Dominance D index (1 class P = 0.108, 2 class P = 0.259), the Margalef index (1 class P = 0.413, 2 class P = 0.533). In contrast, the number of individuals was slightly negatively autocorrelated at a more distant class (1 class P = 0.233, 2 class P = 0.038), and the Evenness index was negatively autocorrelated at a close distance class (1 class P < 0.001, 2 class P = 0.138).
β-diversity of insect functional groups on grasslands with semi-natural and ruderal vegetation PERMANOVA revealed significant differences between grasslands with semi-natural and ruderal vegetation in species richness (F = 3.149, P = 0.007) and the total number of individuals (F = 2.804, P = 0.031) belonging to insect functional groups, whereas no difference was found in the presence-absence pattern of the functional groups (F = 1.89, P = 0.223). For both the number of morphospecies and the number of individuals of insect functional groups, the difference was related mainly to herbivorous beetles, Hemiptera, Parasitica and Aculeata (Table 4 , Fig. 2 ). Hemiptera and Aculeata were more abundant and were represented by higher numbers of morphospecies in seminatural grasslands, while herbivorous beetles and Parasitica (Hymenoptera) were more abundant and were represented by higher numbers of morphospecies in grasslands with ruderal vegetation (Table 4 , Fig. 2 ).
For the presence-absence of functional groups, the first and second ordination axes of the db-RDA explained 23.5% of the variation in group composition, 89.8% of which was explained by the group-environmental relationship (significance of all axes F = 1.767, P = 0.073). For the number of species belonging to functional groups, the first and second ordination axes of the db-RDA explained 25.0% of the variation in group composition, 96.5% of which was explained by the groupenvironmental relationship (significance of all axes F = 1.749, P = 0.075). For the total number of individuals belonging to functional groups, the first and second ordination axes of the db-RDA explained 26.8% of the variation in group composition, 94.5% of which was explained by the groupenvironmental relationship (significance of all axes F = 1.984, P = 0.046).
In all cases, the insect functional groups were affected predominantly by PC1. The assemblages of functional groups were governed by taller vegetation, greater nutrient contamination, lower human impact (mowing and trampling), and lower insolation in grasslands with ruderal vegetation in comparison with semi-natural grasslands (Table 1, Fig. 2 ). The effects indicated by PC1 were significant with regard to the number of individuals, while in the case of presence-absence and the number of morphospecies, they were close to the significance level (see above). All the β-diversity indices were significantly but moderately autocorrelated: the presenceabsence of an insect functional group (r = 0.160, P = 0.034), the number of morphospecies (r = 0.213, P = 0.012) and the number of individuals belonging to particular functional groups (r = 0.326, P = 0.002). Furthermore, the presenceabsence pattern of functional groups revealed significant nestedness (T observed = 18.9°< T mean = 42.7°± 9.27°; P = 0.002, Fig. 3 ).
Discussion
We found that ruderal sites were characterized by a higher diversity and abundance of phytophagous beetles and, unexpectedly, of parasitoids and predatory beetles, whereas Hemiptera and Aculeata were better represented in seminatural grasslands. Our findings also demonstrated that the factors influencing the diversity patterns at the abandoned quarry could operate in different directions in the semi- natural grasslands and the sites with ruderal vegetation. This poses different challenges for biodiversity conservation in an urban landscape. This study underlines the importance of a habitat mosaic of semi-natural grasslands and ruderal grasslands for the preservation of insect functional diversity in urban areas. Isolated and surrounded by urban infrastructure, this abandoned quarry, which contains just such a habitat mosaic, appears to be a biodiversity hot spot in the city centre (cf. Kudłek et al. 2005) . It is probable that these two habitat types -semi-natural grassland and ruderal grassland -function as both a source and a sink, but for different insect functional groups (Pulliam and Danielson 1999) . The positive, moderate spatial autocorrelation (Rangel et al. 2010 ) of the β-diversity suggests the existence of such source-sink dynamics. The insect assemblages from the semi-natural and ruderal habitats appear to complement each other. Semi-natural grasslands, especially xerothermic ones, support a variety of flowering plants (WallisDeVries et al. 2002) and are the most appropriate habitat for pollinators such as solitary bees and bumblebees as well as thermophilous Hemiptera, among which Cercopis vulnerata (Rossi, 1807) and Graphosoma lineatum (Linnaeus, 1758) were the most common species on the xerothermic grassland and thermophilous false oat-grass meadow. For these insect groups, the semi-natural meadow is a source because of its high diversity of plant species. On the other hand, grasslands with ruderal vegetation provide good host plant resources for phytophagous beetles, Orthoptera and Symphyta: polyphagous species in particular have excellent living conditions at the ruderal sites. Quite unexpectedly, however, the largest diversity of parasitoids recorded at ruderal sites contradicts the results of previous studies (Denys and Schmidt 1998; Sattler et al. 2010) .
Although the woodland and shrubs surrounding the grassland positively influenced species richness in the semi-natural habitats, they had a negative impact in the ruderal habitats. Such results suggest that the woody surroundings of seminatural grassland are important for specialist species, especially butterflies, for which they improve habitat quality (Akeboshi et al. 2015; Kalarus and Nowicki 2015 with references) . For overgrowing ruderal habitats, characterized by tall vegetation (for example, Artemisia vulgaris L.), the woody surroundings of such patches appears to impoverish habitat quality, as trees and shrubs can lead to the loss the open, grassy character of such sites. The Dominance and Evenness indices are strongly related to disturbances such as trampling and mowing; species evenness is improved by these disturbances. The findings reveal the importance of minimal disturbances in maintaining the complexity of species assemblages in both habitat types. Parasitoids are known to be vulnerable to deep disturbance and habitat deterioration (cf. Kruess and Tscharntke 1994; Tscharntke et al. 2007; Řehounková et al. 2016) . We conclude that ruderal habitats experiencing slight and rare disturbances, sufficient to maintain the habitat in its early successional stages, will support the development of parasitoids there. On the other hand, Hemiptera and Aculeata benefit from more frequent disturbances, such as mowing and constant trampling. In our study, the β-diversity of insect functional groups in the abandoned quarry was affected by a different set of factors than α-diversity. The proportions and abundances of insect functional groups at the Zakrzówek Quarry were related mostly to the high nutrient content in the ground, the taller vegetation and the lesser human impact at ruderal sites, whereas the reverse was true for semi-natural sites. A high nutrient content can stimulate the production of plant biomass, leading to the successful development of phytophagous insects (Borer et al. 2012) . The ready availability of phytophagous prey and also the low level of disturbances such as mowing in ruderal habitats appear to support a higher diversity of predatory beetles, including autumn breeders that demand a more stable habitat (Venn et al. 2013 ). This suggests that ruderal sites improve ecosystem services in the urban landscape (cf. Tilman et al. 2006) , especially since a recent study has indicated that other insect groups such as Diptera, Coleoptera or Formicidae are as effective as bees in providing pollination services. Hence, insects other than bees perform a valuable service, offering a potential insurance against bee declines (Rader et al. 2016) .
Altogether, such partially disturbed, overgrowing ruderal sites appear to support a high insect functional diversity in post-industrial areas and should not be neglected in conservation schemes.
Our results suggest that city centre ruderal habitats act in much the same way as suburban habitats or highly altered habitats with artificial greenery in biodiversity conservation. If they are utilized as a substitute for the loss of semi-natural vegetation, then they can improve overall urban diversity (cf. Venn et al. 2013; Yan Chong et al. 2014) . Some studies imply that, apart from semi-natural and ruderal habitats, artificial and cultivated greenery may prevent biodiversity loss. For example, garden areas and artificial greenery have great value for maintaining biodiversity in the urban landscape (Galluzzi et al. 2010; Goddard et al. 2010) , although another study has clearly demonstrated that they do not support complex species assemblages (Yan Chong et al. 2014) . All these studies were conducted in other climatic zones. A study from England suggests that native Fig. 2 db-RDA ordination of the investigated insect functional group assemblages. The PCs represent environmental variables. a -presence-absence of insect functional groups; bnumber of morphospecies of insect functional groups; c -number of individuals belonging to insect functional groups tree species support a higher insect diversity than non-native species do (Helden et al. 2012) . We have hypothesized that in the temperate climate zone, artificial greenery is not really appropriate for the conservation of biodiversity and the reclamation of post-mining areas, as it appears to have a simpler species composition and structure compared to both semi-natural and ruderal vegetation, which experiences spontaneous succession (cf. Tropek et al. 2010; Yan Chong et al. 2014) . On the other hand, the value of ruderal vegetation and attendant types of degraded urban grasslands may decrease if nutrient levels increase substantially, ultimately leading to the dominance of nitrophilous plant species (Venn et al. 2013 ). In our study system, the predatory carabid beetles derive benefit from ruderal grasslands characterized by a higher nitrogen content and more complex canopies, as suggested by Venn et al. (2013) .
Conservation efforts should focus primarily on the patches of semi-natural and ruderal habitats, which our study has shown to be suitable for important insect functional groups. Since the α-diversity indices are similar in both habitat types, there is a nested subset pattern, the insect functional groups are differently represented in the two habitats, and the effects of crucial factors on diversity act in different directions between the habitats, we can conclude that semi-natural and ruderal grasslands situated near one another play an important role in enhancing insect functional diversity in cities and postindustrial areas. Moreover, these habitats are characterized to some extent by specific α-and β-diversity patterns, which are more dissimilar than they would appear to be from their spatial proximity. Finally, we have demonstrated that this abandoned quarry maintains insect functional diversity in the city centre since it provides a mosaic of spontaneously established seminatural and ruderal grasslands. As insect assemblages contain umbrella and keystone species such as ants and butterflies, their conservation improves biodiversity conservation in urban landscapes (Nowicki et al. 2007 ). Areas like abandoned quarries can enrich biodiversity not only in urban areas, but also on a much larger geographical spatial scale (γ-diversity) (Sattler et al. 2011) , as they support different types of vegetation offering specific environmental conditions. However, since our study was based on a single abandoned quarry, comparative studies at larger spatial scales are required. Land managers should consider whether the creation of parks and artificial greenery on post-industrial sites is beneficial for biodiversity conservation and cost-effective, since a mosaic of semi-natural and ruderal habitats already occurs there (cf. Goddard et al. 2010 ). Basic conservation actions should involve the preservation of habitat mosaics of semi-natural and ruderal sites in urban areas, and the rotational mowing of both habitat types (Cizek et al. 2012) , although mowing should be less frequent on ruderal sites, i.e. one habitat patch should be mown once every 3 years. Fig. 3 Nested subset pattern of insect functional group composition. Nestedness matrix; columns represent insect groups, rows represent sites. The numbers under the matrix denote the number of insect functional group occurrences, while the numbers next to the rows represent the number of insect groups at a particular site. The insect group codes are denoted by Roman numerals, and the abbreviations represent site codes. The system temperature is marked as a horizontal line. I: Formicidae, Hemiptera, predatory beetles, herbivorous beetles; II: Parasitica; III: Other; IV: Symphyta; V: Aculeata; VI: omnivorous beetles; VII: Orthoptera; VIII: Lepidoptera. Xero. grassland -xerothermic grassland; Therm. meadow -thermophilous meadow; Meadow -hay meadow; Rud. grassland -Ruderal grassland; Degr. meadow -degraded wet meadow
